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Abstract
Purpose:  Understanding  the  risks  of  bloodborne  pathogen  transmission  is  fundamen-
tal  to  prioritizing  interventions  when  resources  are  limited.  This  study  investigated
the  risks  to  healthcare  workers  in  Zambia.
Design:  A  survey  was  completed  anonymously  by  a  convenience  sample  of  workers  in
three  hospitals  and  two  clinics  in  Zambia.  Respondents  provided  information  regard-
ing  job  category,  injuries  with  contaminated  sharps,  hepatitis  B  vaccination  status
and  the  availability  of  HIV  post-exposure  prophylaxis  (PEP).
Results:  Nurses  reported  the  largest  number  of  injuries.  The  average  annual  sharps
injury  rate  was  1.3  injuries  per  worker,  and  service  workers  (housekeepers,  laundry,
ward  assistants)  had  the  highest  rate  of  these  injuries,  1.9  per  year.  Injuries  were
often  related  to  inadequate  disposal  methods.  Syringe  needles  accounted  for  the
largest  proportion  of  injuries  (60%),  and  15%  of  these  injuries  were  related  to  pro-
cedures  with  a  higher-than-average  risk  for  infection.  Most  workers  (88%)  reported
the  availability  of  PEP,  and  only  8%  were  fully  vaccinated  against  hepatitis  B.
Conclusions:  The  injury  risks  identiﬁed  among  Zambian  workers  are  seri-
ous  and  are  exacerbated  by  the  high  prevalence  of  bloodborne  pathogens
in  the  population.  This  suggests  that  there  is  a high  risk  of  occupationally
acquired  bloodborne  pathogen  infection.  The  ﬁndings  also  highlight  the  need
ccination  program  focused  on  healthcare  workers.  Thefor  a  hepatitis  B  va
risks  associated  with  bloodborne  pathogens  threaten  to  further  diminish  an
already  scarce  resource  in  Zambia  —  trained  healthcare  workers.  To  decrease
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the  use  of  low-cost  disposal  alternatives,  the  implementa-
otective  strategies  and  the  re-allocation  of  some  treatment
vention.
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ccupational  exposures  to  bloodborne  pathogens,
ncluding hepatitis  B  (HBV),  hepatitis  C  (HCV)  and
IV, are  among  the  most  serious  health  risks  faced
y healthcare  workers  worldwide.  Occupationally
cquired infections  are  typically  due  to  blood  expo-
ure from  sharps  injuries,  which  occur  most  often
rom needlesticks.  Of  35  million  healthcare  workers
orldwide,  the  World  Health  Organization  esti-
ates that  approximately  3  million  experience
ercutaneous  injuries  each  year.  Of  those,  70,000
re likely  to  become  infected  with  HBV  as  a  result
f exposure,  15,000  with  HCV  and  1000  with  HIV
1]. In  addition  to  these  pathogens,  more  than  30
ther pathogens  have  been  shown  to  be  transmit-
ed through  exposures  to  contaminated  blood,  and
here are  presumably  more  pathogens  transmitted
n this  manner  that  have  not  yet  been  identiﬁed  [2].
he majority  of  occupationally  acquired  infections
ccur in  developing  countries,  where  the  popula-
ion prevalence  of  bloodborne  pathogens  is  high.
n those  regions,  occupational  infections  are  less
ften documented  because  the  routine  surveillance
f sharps  injuries,  blood  exposures  and  sequela  is
ncommon [3].
Signiﬁcant  progress  has  been  made  over  the
ast decade  in  reducing  workers’  exposure  risk  in
ndustrialized  countries.  Mandatory  vaccination  has
reatly reduced  the  incidence  of  occupationally
cquired HBV  infection  [4—6].  The  standardized  use
f personal  protective  equipment  creates  barriers
gainst  blood  and  body  ﬂuids,  and  needle  safety
egislation in  the  U.S.  has  resulted  in  a  signiﬁcant
ecrease in  sharps  injuries  [7,8].  However,  in  eco-
omically  challenged  countries  such  as  those  in
ub-Saharan  Africa,  the  resources  available  for  pro-
ecting healthcare  workers  are  limited.
Zambia,  in  particular,  has  a  critical  set  of  risk
actors.  These  risk  factors  include  an  HIV  popula-
ion prevalence  of  14%,  which  is  among  the  highest
n the  world,  and  a  prevalence  rate  among  hospital-
zed patients  that  is  most  likely  even  higher  [9—11].
n addition,  HBV  and/or  HCV  co-infection  among
IV-infected  persons  is  common  [12,13].  Zambia
lso has  a  scarcity  of  healthcare  workers  —  only
ne or  two  per  1000  population  —  and  insufﬁcient
conomic resources  available  to  protect  them  [14].
mong Zambian  healthcare  workers,  more  than  a
S
T
ahird  have  been  lost  to  the  workforce  because
f death  [15].  When  the  healthcare  workforce  is
lready strained,  as  it  is  in  Zambia,  the  loss  of  even
 single  worker  can  have  a deleterious  effect  on  the
ntire healthcare  system.
Although  some  Zambian  hospitals  have  a proto-
ol for  reporting  and  tracking  sharps  injuries,  these
rotocols  are  not  universally  employed  and  may  not
nsure conﬁdentiality.  Consequently,  there  is  inad-
quate information  on  the  occupational  injury  rates
nd infection  rates  among  Zambian  healthcare
orkers. To  date,  no  studies  have  been  published
hat document  the  risk  of  occupational  exposures  to
loodborne pathogens  for  this  population.  Under-
tanding  the  exposures  is  the  ﬁrst  step  in  reducing
hem. This  study  begins  to  ﬁll  that  gap  by  describing
he rates  and  mechanisms  of  needlestick  and  sharps
njuries  and  the  level  of  access  to  risk-reduction
trategies.
ethods
ata collection and survey participants
n  2008,  a representative  of  the  HIV/AIDS  Mon-
toring and  Evaluation  Technical  Working  Group,
usaka,  Zambia  (OJS)  requested  a  baseline  survey
f blood  exposure  risks  among  Zambian  healthcare
orkers. As  a  result,  ﬁve  medical  students  were
elected  by  the  University  of  Virginia  Center  for
lobal Health  to  participate  in  the  Pﬁzer  Initiative
n International  Health.
The  students  distributed  survey  forms  to  a  con-
enience  sample  of  500  healthcare  workers  at
ve Zambian  facilities  (Kenyama  Clinic,  Zambia
elper’s  Society  Hospital  (ZHSH),  University  Teach-
ng Hospital  (UTH),  Chilenje  Clinic  and  Livingstone
eneral Hospital)  in  the  cities  of  Lusaka  and  Living-
tone. Signs  were  posted  in  each  facility  reminding
articipants to  return  the  surveys  to  drop-boxes,
nsuring anonymity.  Approval  for  the  study  was
ranted  by  the  University  of  Virginia  and  Universityurvey instrument
he  questionnaire  had  been  previously  validated
mong similar  populations.  The  variables  include
246  E.K.  Phillips  et  al.
Table  1  Number  of  responses  and  sharps  injuries  per  hospital/clinic  according  to  job  title.
Kenyama  ZHSH  UTH  Chilenje  Livingstone  Total
Surveys  returned  (injuries) 18  (23)  8  (2)  360  (443)  16  (16)  40  (84)  442  (568)
Physician  0  1  63  0  0  64  (74)
Nurse/midwife  11  3  192  12  26  244  (346)
Lab  worker 1  1  32  0  0  34  (6)
Service  worker 1 3  29  0  11  44  (83)
Security 0 0 22 0 0  22  (20)
Other 5 0 22 4 3 34  (39)
PEP  available  #  (%) 14  (74) 3  (38) 319  (89) 16  (100) 38  (95) 390  (88)
HBV  vaccination  #  (%)  0  (0)  2  (25)  30  (8)  1  (6)  1  (3)  34  (8)
sure prophylaxis (PEP) available and of respondents fully vaccinated
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job  title,  hepatitis  B  vaccination  status  and
availability  of  post-exposure  prophylaxis  (PEP)
treatment  following  HIV  exposure.  Respondents
also reported  the  number  of  sharps  injuries  sus-
tained  in  the  previous  year  and  the  type  of  device
that was  associated  with  their  most  recent  injury.
Respondents  were  asked  to  describe  in  their  own
words the  circumstances  of  that  injury.
Results
Demographic data
Of  the  500  distributed  surveys,  473  were  returned
(94% response  rate).  Of  those,  31  were  eliminated
because some  responses  were  blank  or  because
questions had  multiple  or  unusable  responses,
resulting in  an  overall  response  rate  of  88%.  Occa-
sionally,  respondents  did  not  enter  a  numerical
response for  the  number  of  injuries.  Where  respon-
dents  entered  ‘‘yes’’  for  number  of  injuries,  ‘‘1’’
was coded;  where  respondents  entered  ‘‘many’’,
‘‘2’’  was  coded.  Table  1  displays  the  distribution
of responses  from  all  surveys.  Nurses  represented
the largest  proportion  of  respondents  by  occupa-
tion (55%),  followed  by  physicians  (14%).  Most  of  the
responses (81%)  were  obtained  from  the  University
Teaching Hospital,  which  was  the  largest  facility
sampled.
Injuries
The  total  number  of  injuries  reported  was  568  (indi-
vidual range,  0—40)  and  the  annual  sharps  injury
rate was  1.3  per  worker  (Fig.  1).  In  every  facil-
ity, nurses  sustained  the  highest  number  of  injuries
but not  necessarily  the  highest  injury  rate.  Overall,
the job-speciﬁc  rates  per  worker  varied  consider-
ably across  categories,  from  0.2  among  lab  workers
c
d
4
wig.  1  Annual  sharps  injury  rates  (per  worker)  according
o  job  title.
o  1.9  for  service  workers  (housekeepers,  laundry
taff and  ward  assistants)—–a  difference  of  almost
enfold.
In describing  the  circumstances  of  the  injury,
ost workers  reported  being  injured  while  using  a
evice or  disposing  of  it.  For  example,  one  respon-
ent wrote,  ‘‘While  suturing  the  patient,  I pricked
yself  with  the  needle.’’  Another  said,  ‘‘After  giv-
ng an  injection,  I  was  walking  to  the  service  area
o dispose  of  [the  needle],  and  stuck  myself.’’
Services  workers  typically  sustained  injuries
rom devices  used  and  disposed  of  by  other  work-
rs —  so-called  ‘‘downstream’’  injuries  —  as  this
esponse reﬂects:  ‘‘I  was  carrying  the  full  sharps
oxes  from  the  rooms  to  the  sluice  room  in  readi-
ess for  collection  to  disposal  site.  Unknowingly  I
elt a  prick  on  my  middle  ﬁnger,  [and]  when  I  looked
losely  I saw  a needle  protruding  on  the  side  of  the
ox.’’
evices
ig.  2  shows  that  the  devices  that  most  frequently
aused injury  were  syringes  (60%)  and  suture  nee-
les (15%).  Of  the  syringes  that  caused  injuries,
4% were  used  for  injections,  and  more  than  15%
ere used  for  high-risk  procedures  (blood-drawing
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devices for  this  procedure.ig.  2  Proportion  of  sharps  injuries  by  device  type  (%).
nd  cannulating  IV  infusions).  The  use  of  the  device
ould not  be  determined  for  many  housekeep-
ng and  laundry  injuries.  Among  respondents  who
orked  in  operating  theater  settings,  suture  nee-
les were  the  most  frequent  cause  of  injury.
harmaceutical protection
urvey  respondents  reported  their  HBV  vaccination
tatus and  access  to  HIV  PEP.  Although  most  (88%)
f the  respondents  reported  having  access  to  PEP,
ew (8%)  had  received  full  vaccination  against  HBV
Table 1).
iscussion and conclusions
he  survey  documented  high  sharps  injury  risk
mong Zambian  healthcare  workers.  The  average
harps  injury  rate  per  worker  for  respondents  in  this
tudy (1.3)  is  more  than  eight  times  higher  than
hat for  U.S.  healthcare  workers  [16].  The  injury
ate revealed  by  this  survey  is  of  particular  con-
ern given  the  prevalence  of  bloodborne  pathogens
mong Zambia’s  patient  population.  Under  such  cir-
umstances,  virtually  every  patient  care  encounter
n which  a  sharp  device  is  employed  must  be
ssumed to  carry  the  risk  of  bloodborne  pathogen
xposure.
Issues surrounding  reporting  of  injuries  must
lways be  considered.  Workers  with  recent  or  more
evere injuries  may  be  more  likely  to  complete  the
urvey,  but  our  distribution  was  not  intentionally
irected to  those  workers,  and  our  response  rate  is
igh. Older  or  less  severe  injuries  may  be  forgotten
r unreported.
The  risk  of  infection  transmission  for  service
orkers may  be  more  challenging  to  assess  for  job-
peciﬁc reasons.  When  service  workers  are  injured,
f
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he  device  may  be  protruding  from  a  large  multi-
atient laundry  basket  or trash  bin  [17].  These
ircumstances make  the  source  patient  and  the
rocedure  risk  more  difﬁcult  to  identify.  The  dis-
roportionate  rate  of  injuries  to  service  workers
nderscores the  importance  of  puncture-resistant
harps disposal  containers.  Commercially  produced
harps  disposal  containers  may  be  cost-prohibitive
or many  Zambian  healthcare  facilities,  but  post-
onsumer  packaging  that  is puncture-resistant,
uch as  heavy-duty  plastic  laundry  detergent  bot-
les, could  potentially  be  reused  for  this  purpose.
Another important  strategy  for  reducing
isposal-related  injuries  is  placing  sharps  contain-
rs near  the  point  of  use  (i.e.,  in  patients’  rooms  or
herever procedures  are  performed)  rather  than
t a  centralized  location,  such  as  a  nurses’  station.
olling  disposal  carts  can  bring  the  container  to
he point  of  use  but  may  not  be  available  when
rocedures are  performed.  Holding  the  device
ser, rather  than  service  personnel,  responsible
or device  disposal  can  also  reduce  injuries.  In
ddition,  a system  for  replacing  full  containers  will
ncrease the  likelihood  that  safe  disposal  occurs
18—20].
Despite  the  number  and  variety  of  safety-
ngineered devices  on  the  market,  the  cost  of
hese devices  has  placed  them  out  of  reach  for
any hospitals  in  sub-Saharan  Africa.  Although
afety-engineered  devices  are  often  donated  by
anufacturers,  the  resultant  mix  of  devices  does
ot facilitate  device-speciﬁc  training  because  the
evice available  for  a particular  procedure  will
ary. We  urge  manufacturers  to  ensure  that  the
ost of  safety-engineered  devices  in  resource-poor
ountries is  more  comparable  with  the  cost  of  other
evices  that  are  already  in  that  market;  companies
hat manufacture  other  low-cost  medical  devices
or sale  in  these  countries  are  also  urged  to  consider
dding safety-engineered  devices  to  their  array  of
fferings.
In Zambia,  as  in  many  economically  challenged
ountries, conventional  syringes  are  commonly
sed for  drawing  blood,  which  places  healthcare
orkers at  a high  risk  for  preventable  injuries  and
nfections.  The  use  of  syringes  for  drawing  blood  is
ssociated with  speciﬁc  hazards:  transferring  blood
n the  syringe  to  a specimen  container  requires  nee-
le manipulation,  increasing  the  opportunity  for
njury [21].  In  prioritizing  the  allocation  of  limited
esources,  administrators  might  focus  on  this  high-
isk type  of  injury  and  consider  safety-engineeredIn  surgical  settings,  the  frequency  of  injury
rom suture  needles  suggests  that  non-sharp  closure
ptions are  not  widely  used.  Utilizing  sutures  with
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blunted  tips  for  suturing  internal  muscle  and  fascia
and using  suture  alternatives  such  as  adhesives  and
staples for  skin  closure  can  reduce  the  risk  of  injury
for the  surgical  team.  The  frequency  of  injuries  that
occur during  the  passing  of  sharp  devices  from  one
person to  another  can  be  reduced  by  the  implemen-
tation of  a  ‘‘neutral  zone’’  in  which  instruments  are
placed and  from  which  they  are  retrieved,  such  as
a container  or  tray,  instead  of  passing  instruments
hand-to-hand [22—24].  This  work  practice  costs  lit-
tle or  nothing  except  the  time  involved  for  training
and requires  only  a  commitment  to  changing  prac-
tice patterns.
One  surprising  ﬁnding  was  the  widespread  avail-
ability  of  PEP,  which  suggests  that  exposed  workers
are relatively  well  protected  after  an  occupational
exposure to  HIV.  Because  HIV  PEP  is  usually  provided
by internationally  funded  programs,  its  availability
to healthcare  workers  may  be  subject  to  changes  in
policy or  funding  priorities.
The  low  rate  of  HBV  vaccination  revealed  in  this
survey suggests  the  need  for  an  aggressive  immu-
nization  campaign  for  Zambian  healthcare  workers.
Such an  immunization  campaign  could  substantially
reduce the  toll  of  HBV-related  disability  and  death
in a  country  in  which  healthcare  workforce  num-
bers are  already  extremely  low.  Many  African  nurses
and physicians  have  been  educated  at  their  govern-
ment’s  expense;  thus,  policies  and  programs  aimed
at ensuring  higher  rates  of  HBV  vaccination  among
healthcare  workers  would  also  serve  to  protect  a
country’s investment  in  worker  training.  Such  poli-
cies could  help  stem  the  loss  of  workers  due  to  this
highly preventable  occupational  illness.
Although  promoting  the  widespread  availabil-
ity of  post-exposure  treatment  for  healthcare
workers is  worthwhile,  redirecting  a  portion  of
this investment  to  primary  prevention  could  save
more lives.  Preventing  exposures  to  contaminated
blood and  vaccinating  workers  before  any  expo-
sure occurs  can  reduce  morbidity  and  mortality
among the  workforce  and  stabilize  the  healthcare
infrastructure of  countries  like  Zambia.  The  pro-
tection of  healthcare  workers  should  be  a global
commitment,  not  a  lottery  based  on  geographical
chance.
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